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Abstract

The objective of this work is to evaluate the physico-chemical quality of the groundwater of the Merdja plain and to
determine the sources of mineralization. This quality is influenced by several environmental and anthropogenic factors
such as geological context, climate, precipitation and interaction between groundwater and aquifers and human activities.
A Principal Component Analysis (PCA) on samples taken from several wells spread over the entire Tebessa plain (Merdja)
allowed us to detect two axes that explain 73.4% of the information. The first axis describes the variables related to
mineralisation and the second one describes those related to agricultural activity. Multidimensional Positioning (MDS)
confirmed the interaction of physico-chemical parameters between them and their influence on groundwater quality by
highlighting three groups of wells according to their physico-chemical characteristics, particularly those containing high
concentrations of nitrates. This contamination is mainly the result of spreading the fertilisers and wastes that are dumped
into the plain without treatment. Salinization is the result of long-term interactions between groundwater and geological
formations.
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1. Introduction

Tébessa region is located near the Algerian-Tunisian borders, in the eastern part of the Saharan Atlas, between the
Tellian Atlas and the Saharian platform. According to Vila (2002) and Kowalski et al. (2002) this is a very neotectonized
domain, which extends into extreme western Tunisia, belongs to the area of diapirs and grabens. Due to its recharge
modalities, the water from the Tébessa aquifer presents a high risk of increasing its mineralization [1, 2]. Over the past
few decades, the alluvial groundwater of Tébessa has undergone a rapid deterioration in the chemical quality of these
waters [3-5]. Indeed, this phenomenon is simultaneously attributed to the geological context and the semi-arid climate.
It is crossed with an over exploitation of the modest resource to meet the needs of drinking water supply and crop
irrigation. However, the problem of groundwater pollution has been addressed in several studies focusing on the
vulnerability of the aquifer to contamination by salts from saline soils and Triassic out crops, or to pollution by nitrates.
This paper highlights only the most recent and complete studies.

In order to identify the processes of mineralization, its origin and evolution in time and space, Gouaidia et al. (2012)
monitored water chemistry during two hydrological cycles covering the periods of low and high water. Results showed
that mineralization processes are linked to the lithology of the aquifer presented, mainly by evaporites and carbonates.
Water-rock interaction phenomena are at the origin of the spatial variation of groundwater geochemistry. On the other
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hand, climatic conditions are responsible for variations in concentrations due to precipitation (dissolution) and
temperature (evaporation) [6].

Rouabhia et al. (2009) have used data obtained from the same area through a sampling period (December 2008) and
indicates that nitrate affects groundwater due to the use of nitrogen (N) fertilizers in agriculture and also showed that
chemical composition of the water is not only influenced by agricultural practices, but also by interaction with the
alluvial sediments [4].

Following up evolution trend of hydrochemical parameters of the “Merdja” aquifer Zereg et al. 2018 confirmed
that point sources of nitrate and salinity pollution are particularly downstream in the areas surrounding Tebessa [7].

Multivariate statistical tools in the treatment of analytical and environmental data are very important [8, 9].
Especially Principal Component Analysis (PCA) which is widely used in water quality analysis [10]. The latter assumes
a linear relationship between the data and the underlying latent variables represented by the principal components.
Because of this we propose to anticipate any non-linear relationship between the data by using Multidimensional
Positioning Scaling (MDS), this method assumes no relationship between variables and attempts to optimise the fit
between the dissimilarity between observations and their euclidean distance [11].

The purpose of this study is to investigate the hydrogeochemical characteristics of groundwater in the Merdja plain
of Tebessa town. Using two multivariate analysis the classical Principal Component Analysis (PCA) and the
Multidimensional Positioning Scaling (MDS) method to extract the most weighting variables and also to identify the
main causes of the degradation of the quality of these waters.

2. Study Area

The study area totals 288 km? (Figure 1), and extends between latitudes 35°2' and 35°6' North and longitudes 7°87'
and 8°43' East, upstream of the Mellegue catchment area. The Tébessa plain, with an average altitude of 850m, is drained
by the Chabro and El Kébir Wadi, while many narrow and winding ravines, shaped by temporary torrents, drain their
waters to the main wadi.

The present zone with a semi-arid climate receives average interannual rainfall not exceeding 350 mm/year, with
very significant temperature variations in this region, with the minimum extreme temperature reaching -5°C, while the
maximum temperature exceeds 40°C. The rainy season generally extends from winter to spring. The period of low water
begins in May and continues until October when there is a high evaporation capacity, unlike infiltration, which represents
only 1% of precipitation.

As a result, the supply of water to the groundwater table from rainfall is very low. Due to these climatic conditions,
the vegetation is quite poor and sparse. The population is mainly concentrated around the city of Tébessa, whose main
activity is agriculture and trade. The industry is relatively under-represented and consists of a few state-owned
companies.
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Figure 1. Study Area
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Along the border of the Maghreb mountain range, the Eastern Saharan Atlas is characterized by subsidence, diapirism,
folding, faults and collapse ditches [1, 2].

The Triassic consists of multicoloured gypsum marls, dolomites, dolomitic limestones, sandstones and fragments of
green rocks, typical of the Triassic in Algeria. It constitutes Djebel Djebissa (housing an irondeposit) at the far east of
the basin, and outcrops in the northwestern part of the basin (Boulhaf-le-Dir). The lower Cretaceous, with a thickness
of about 1000 m, is composed of platform carbonates topped with marl, marl and limestone, as well as clay and clay
limestone, while the upper Cretaceous, about 2000 m thick, the Campanian and the Maestrichtian are composed mainly
of chalky limestone.

The Eocene is composed of 200 m thick flint limestone. The Upper Mioceneis continental and out crops south of the
Roman Jebel Bou. The Plioceneis of marine and continental type. It is composed of conglomerates, marl and sandstone,
Quaternary deposits consist of soils with heterogeneous lithology, such as silts, limestone crusts and pebbles.

3. Materials and Methods
3.1. Sampling and Analysis

Water samples (Table 1) were extracted from the wells collecting the groundwater. Samples were collected at the
end of the rainy season (May).

The physico-chemical parameters, pH, temperature and electrical conductivity, were measured in situ and the analysis
of major ions was carried out by flameatomic absorption for cations and by colorimetry for anions [12] at the laboratory
of the National Hydraulic Resources Agency (ANRH) in Constantine.

Table 1. Descriptive Statistics of chemical elements

Variable CE Ca2. Mg2. Na. K Cl S04* HCO; NO;

Min. 1351 96 58 86 1 110 204 165 1
Ist 1736 132 66.25 106 1 1725 351 293 7
Median 1981 158 84 122 25 220 392 369 30.5
Mean 1900 159.6 855 1412 485 2169 4202 3524 415

3rd 2112 1945 1015 178 8 251 4525 409 62.75

Max. 2402 226 124 225 14 375 900 451 120

3.2. Principal Component Analysis

The objective of PCA analysis is to move from data space to factor space in order to reduce the number of variables
and make the information less redundant. This is equivalent to replacing the variables x1,...xp which are initially
correlated by new variables called main components c1, ... cp uncorrelated. These variables are linear combinations of
xj, they are of maximum variance and obtained by inertial maximization.

Principal Component Analysis is widely used for water quality characterization [8, 13-15]. Chaib and Samraoui
(2011) applied this method to characterize the waters of the East Kebir Wadi (Algeria), which allowed them to identify
the main causes of degradation and to assess the physico-chemical quality of the waters of this and its main tributaries
[14].

Mishra (2010), during a monitoring of the Ganges River in Varanasi, used the PCA to extract the parameters that are
most important in assessing the quality of these waters and concluded that only four main factors were identified as
responsible for the structure of the data explaining 90% of the total variance of the data set [8]. Mahapatra et al. (2012)

applied Principal Component Analysis to classify water samples into four different categories, this classification will be
useful for planners to take improvement measures in advance, to prevent groundwater contamination [16].

3.3. Multidimensional Scaling (MDS)

Multi-dimensional Scaling [17] or proximity analysisis is a special case of multivariate analysis with which one can
reconstruct an image in a Euclidean space from one or more tables of distances or dissimilarities between objects
(individuals). It aims to best represent objects in a visualizable space, so that the distances between objects in this space
are as close as possible to the initial dissimilarities [18]. The optimal space being obtained by minimizing the Stress
(Standardized Residual Sum of Squares) criterion [17]. Let d;,0i; be dissimilarities and real distances, respectively.
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MDS is based on an iterative approach illustrated by the:

1. Initialization (random or not) of the coordinates of the objects in the plane,

2. Calculation of distances between objects in the plane,

3. Calculation of the disparities between the distances in the plane and the distances in the original space,
4. Calculation of a cost function based on these disparities,

5. Update the coordinates of the objects in the plane and return to step 2.

There are two types of MDS: (i) the metric MDS and (ii) the non-metric NMDS the latter has the advantage of having
no assumption made about the underlying transformation function [18]. This characteristic allows the technique to be
applied to several fields of study [19]. The Non-Metric Multidimensional Scaling (NMMDS) method is based on
minimizing the criterion:

STy @ip-an)?)
_ ij uij ij)—diyj
Stress = ( Yij2j(dif)? ) )
Where, f is an increasing monotonous function (to be determined by the resolution algorithm) of dissimilarities [20].
Stress values close to zero indicate that the results of the MDS analysis are reasonable and reliable. Several authors have
used MDS to characterize water quality [21, 13].

Wau et al. (2011), using MDS analysis, identified the spatial and temporal variability of hydrochemical water quality in
a subtropical coastal system, Daya Bay, China [13]. Group | was identified as being mainly related to anthropogenic
activities, both in terms of Group Il and in terms of trade in sea water from the South China Sea. Vargas-Gonzalez et
al. [22], based on a NMDS analysis of water samples from the Gulf of California, showed the existence of different
hydrological conditions each season. The marked differences between summer and winter are attributed to water
temperature and phytoplankton biomass on the one hand and summer conditions in La Salada Cove on the other.

4. Results and Discussion

PCA analysis was performed using R® software with the adopted Factominer, Factoextra and Performance Analytics
packages. The link between all the variables taken in pairs and the correlation coefficients between these different
variables is given by the correlation matrix (Figure 2). Indeed, perfect correlations were first recorded between Calcium
and Electrical Conductivity (r=0.84). This indicates that most of the Electrical Conductivity of the water in the study
area comes from Calcium. In addition to being correlated with CE, Calcium and Magnesium are both strongly correlated
with each other (r=0.90), which confirms their origin which is the dissolution of carbonate formations, and gypsum
formations (evaporite).

Also, a high correlation between Chlorine and Magnesium (r= 0.69) was recorded. In addition, sulphates are well
correlated with sodium (r=0.6) and a strong correlation with electrical conductivity, and this can be explained by the
dissolution of evaporative formations.

However, a high correlation between nitrate and potassium values (r=0.69) was observed, which proves their origin.
The dissolution of chemical fertilizers due to fertilizer abuse and a relatively high correlation between Cl and Ca (0.68)
also was observed. This is due to the mechanisms for acquiring the salt load of water disturbed by several phenomena,
such as the basic exchanges that characterize highly mineralized water, the leaching of evaporation levels and the
dissolution of gypsum and halite, which can increase the calcium and chloride ion content respectively.

In addition, a strong relationship between Cl and K (0.74) suggests that some of the chlorides come from the
dissolution of KCI but that the majority of these cations could come from the dissolution of other minerals.

The insignificant relationship between sulphates and calcium and magnesium is probably due to the fact that calcium
and magnesium ions are involved in dissolution/precipitation phenomena in basic exchanges on clay minerals, whereas
TDS is related to the main elements, Ca, Mg, CE and SO4 with a correlation coefficient that varies between 0.67 and
0.97.
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Figure 2. Correlation matrix

To confirm the interpretations made above and to make it easier to visualize the influence of the physico-chemical
parameters between them and on the quality of the water of the Tébessa plain. The scree plot has identified two axes
that carry 80.3% of the information contained in these variables (Figure 3), while projections made on both axes show
that axis 1 summarizes 50.1% of the information and describes the variables related to mineralization (Cl, Mg, SO4,
electrical conductivity, Ca, NO3 and K). It can be considered as a gradient of mineralization related to the intensity of
pollution provided by urban spills and industrial waste water companies [23].
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Figure 3. Scree plot
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Projections made on the first two axes (Figure 4) show that: axis 1 summarizes 50.1% of the information and
describes the variables related to mineralization: (Cl, Ca, Mg and CE). Axis F2 expresses 30.2% of the initial
information, it is positively correlated by nitrates and potassium, it is linked to agricultural activity which is due to the
use of fertilizers [4].

Variables - PCA
S04

contrib
12

-0.‘75 -0,‘50 -0.‘25 0.00
Dim1 (50.1%)

Figure 4. Projection on the first 2 main axes

The MDS analysis carried out with R confirms the results found by the PCA, which has divided the site into three
groups of wells, which differ in their physico-chemical quality (Figure 5). The first Group G1 includes wells containing
high concentrations of No3, Ca, K, Cl, ClI, Mg, So4 and electrical conductivity which is closely related to pollution
caused by urban and industrial wastewater discharges [4, 7].

Concerning the second Group G2, on one hand, it maintains the relationship between the two elements NO3 and K
caused by fertilizers used in agriculture [4, 7] and on the other hand, the relationship between Ca ,Mg and SO4 due to
the geological formations of the region with average values [6,7]. Group3 reflects the strong relationship between TDS,
Mg, SO4 and Ca which reflects the salinity of this groundwater resulting from the long-term interaction between it and
the different geological formations [7].
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Figure 5. MDS Clustering
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5. Conclusion

The study carried out in the Tebessa plain highlighted the main characteristics of groundwater. The groundwater has
high concentrations of nitrates, which can reach 120 mg/l. Contamination results mainly from the spreading of fertilizers
and waste that is discharged into the plain without treatment. However, a strong correlation between nitrates and
potassium proves that they are of anthropogenic origin.

The strong relationship between TDS and Ca, Mg, CE and SO4 indicates that these elements contribute to
groundwater salinity and that groundwater follows a similar pattern. Groundwater salinization is a result of long-term
interactions effects between groundwater and geological formations. On the other hand, the insignificant relationship
between sulphates and calcium and magnesium is probably due to the fact that calcium and magnesium ions are involved
in dissolution/precipitation phenomena in the basic exchanges on clay minerals.
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